Abstract Little work has examined how individuals' social affiliations-the venues in which they meet friends and engage in informal social interaction-influence their engagement with public health services. We investigate how links to these local places shape access to information and exposure to health-seeking behavior. Using longitudinal data from a respondent-driven sample of 618 young black men who have sex with men (YBMSM) in Chicago, we identify different sets of social venues that connect YBMSM. We then examine how YBMSM's connections within this network influence their receipt of HIV prevention and treatment services and knowledge of pre-exposure prophylaxis (PrEP). Our results show that YBMSM's positions within Chicago's venue network shape the types of health-related services they access, net of demographic, structural, and community covariates. Men with affiliations that are linked to the city's gay enclave are most likely to know about PrEP, while men with affiliations that are predominately in the black community demonstrate improved HIV treatment outcomes. Outreach engaging MSM beyond venues in gay enclaves is needed.
Introduction
Young black men who have sex with men (MSM) are at particularly high risk for HIV infection in the United States, and current estimates predict that 1 in 2 black MSM will be diagnosed with HIV in his lifetime, compared to 1 in 11 white MSM [1] . Recent research suggests that black MSM's higher rates of HIV infection are due to a combination of increased exposure to HIV risk and diminished access to HIV care, rather than differences in risky sexual behavior [2] . In predicting access to HIV services, extant research has pointed to issues related to spatial availability (e.g., distance to service providers), structural barriers (e.g., poverty, unemployment) and social ''resiliency'' or support-related factors [3] [4] [5] . Greater healthcare access and utilization are associated with better health outcomes for HIV (sero)positive individuals, including lower viral load [6] and lower likelihood of transmission to HIV-negative sex partners [7] . However, compared to white MSM, black MSM are less likely to be aware that they are HIV seropositive, and to have less access to the health care resources that are needed to achieve viral suppression [2] . To this end, black MSM are also more likely to be diagnosed in the later stages of HIV [8] and are less likely to be taking antiretroviral medications [9, 10] .
These trends underscore the urgent need to understand black MSM's access to and engagement with the public health system. We advance research on the role local community venues play for HIV transmission [11, 12] by examining how the informal social institutions in which MSM spend their time in everyday life influence their public health engagement. Informal social institutions and venues-such as schools, cafes, and bars-are key sites of social interaction, support, and informal social control [13, 14] . These are also places where MSM socialize and meet their friends and sex partners and, as we argue in this paper, are incidentally exposed to information about important public health services, such as testing opportunites [15] [16] [17] .
It is partly in recognition of the important role that is played by informal social networks that non-clinical venues-such as parks, bars, and other community spaces-have become a focus of community-based HIV outreach efforts [18] [19] [20] Previous research has leveraged the importance of social and sexual venues to track the flow of infectious diseases [21, 22] and research on the HIV epidemic in the United States has identified commercial sex venues (e.g., bathhouses) as ongoing risk environments for transmission [23, 24] . This work underscores that venues represent important sites to reduce risk among vulnerable populations, such as minority MSM who may be otherwise difficult to test and recruit into HIV prevention and treatment programs [25] [26] [27] . However, there has been limited research on how at-risk individuals' informal affiliations with such venues shape their receipt of HIVrelated health services. It is possible that individuals' healthcare knowledge and behavior are affected by the patterns of informal social connections they have with these community institutions-net of their formal connections to clinics and their other network ties.
In this particular context, an analysis of MSM's informal and indirect affiliations to each other via community venues may provide important insight into how local spaces influence access to and utilization of health services. Affiliation network analysis is frequently utilized to examine how individuals are tied to social events and venues [11, 13, 28] . Recent analyses have documented how the set of recreational venues MSM visit influences their sexual behavior [29] and the substantial correlation that exists between black MSM's HIV status and the clinics they visit for healthcare [30] . These studies emphasize the important role that local social affiliations play in shaping at-risk individuals' exposure to sexual environments and access to HIV services. Our analysis extends this work by exploring the role of social affiliations with local venues for the utilization of HIV services and HIV treatment outcomes. Utilizing new longitudinal data from UConnect (2013-2016), a respondent-driven sample of 618 young, black MSM in Chicago, we examine how young black MSMs' informal social affiliations are related to their receipt of HIV-related public health services, including receipt of treatment and prevention services and knowledge of pre-exposure prophylaxis (PrEP) [31, 32] .
Methods
Between June 2013 and May 2014, 618 young black MSM in Chicago were recruited into the UConnect study using respondent driven sampling (RDS) [33] . RDS chains of up to 13 waves in length, with a mean of 2.3 recruits per participant, were generated by a diverse group of seeds. We provide additional detail on seed recruitment in Appendix A of Supplementary material. Respondents were eligible for the study if they identified as black or African American, were born male, were between 16 and 29 years old inclusive, reported at least one male sex partner within the last 24 months, resided or spent most of their time in the Black community area, and gave informed consent at the time of the interview. Wave 2, administered 9 months later in 2014-2015, had an 84% retention rate, with 525 of the original respondents completing the Wave 2 survey. IRB approval from the University of Chicago and National Opinion Research Center was granted prior to data collection in 2013.
Venue Affiliation Network Position
The key variable in this analysis is the respondent's position within a network of local social venues in Chicago. Individuals are usually affiliated with multiple types of venues (e.g., bars, gyms), that link them to overlapping sets of MSM. The assumption we test here is that individuals who have similar (overlapping) affiliations also have similar exposures to healthcare information because they spend time in similar venue environments that contain similar sets of men, who themselves can serve as important sources of information about healthcare resources. Little work has investigated which types of venue affiliations are the most salient for young black MSM's access to health services. Therefore, one of our first tasks is to understand the topology of affiliations within black MSM communities. We then investigate how these classes of affiliations are tied to health service utilization.
We begin with a set of questions that asked respondents (at the baseline interview) where they had gone in Chicago to ''meet or socialize with other men'' during the last 12 months. Respondents were asked if they frequented each of the following venues types: (1) bars and clubs, (2) gyms, (3) ''public spaces'' (e.g., parks, shopping malls), (4) bath houses or bookstores, and/or (5) House/Ball events. If the respondent answered affirmatively and indicated that he went to the venue type at least once per year, he was then asked to identify whether the venues were located on the North Side, South Side, and/or West Side of Chicago. The North Side of Chicago is predominately composed of white residents and houses the city's gay enclave (''Boystown''), while the South Side of Chicago is home to the largest contiguous black community in the US and contains a high concentration of underserved neighborhoods [34, 35] . The West Side of Chicago is ethnically mixed and contains adjacent concentrated black and Latino/a neighborhoods. A given respondent could indicate multiple regions per venue type (e.g., clubs on both the North Side and South Side) and was coded as being tied to a space if he indicated during the interview that it was a place he visited to meet other men.
Based on the combination of general venue types and geographic regions, we then identify 15 regional venue types (e.g., ''Black Community'' gyms, ''Gay Enclave'' bars), and construct a m 9 n matrix of 481 respondents who provided valid affiliations (m) and their affiliations with the 15 (n) venue-region spaces. To identify the respondent's position within the city's venue affiliation network, we transform the two-mode respondent-to-venue network into a one-mode respondent-to-respondent network using UCINET [36] . We weight the ties connecting respondents to venues by Bonacich's (1972) normalization rule to adjust for differential levels of venue attendance across respondents, such that individuals who overlap in a greater proportion of their venue affiliations are weighted as more strongly tied to one another. The resulting onemode projection yields a m 9 m matrix wherein each cell contains the degree of overlapping affiliations a respondent shares with each of the other respondents. We then submit this matrix to a hierarchical cluster analysis in Stata 13 using Ward's linkage criteria to identify distinct groups of MSM with similar affiliation patterns [37] . Visual assessment of the dendrogram in combination with goodness of fit tests (Calinski-Harabasz pseudo-F and Duda-Hart statistics) suggest that a three-cluster solution is the strongest, most parsimonious representation of venue affiliation patterns. Supplemental analyses (available upon request) demonstrate that the clusters that are identified here do not depend on our use of Wards linkage or other clustering criteria.
HIV-Related Public Health Engagement
Our main interest is in how MSM's venue affiliations are associated with their patterns of public health service engagement. To examine this, we consider several different measures.
Receipt of HIV Services
Respondents are asked at baseline, ''Have you been to a health service provider in the last 24 months?'' At the ninemonth follow up, respondents were asked if they have been to a health service provider in the time since the baseline interview. If the respondent answered affirmatively, he was then asked if he received HIV prevention or treatment services from this service provider (1 = yes).
Continuum of Care
HIV-positive respondents were asked at both waves how many times they had visited an HIV provider in the last twelve months. Respondents who had attended at least two appointments in the past year were coded as retained in care (1 = retained). HIV-positive respondents were asked if they had ever taken medication to treat their HIV. Respondents who had taken medication and had missed fewer than four doses in the past 30 days ([85% adherence) were coded as adherent to antiretrovirals (1 = adherent) [38] . We also measured whether respondents were virally suppressed based upon their recorded viral load. Viral suppression was defined as having an HIV RNA \2000 nucleic acid (NA) copies/mL in whole blood. Blood was drawn via finger stick during the interview and viral load testing (Abbott ReaLTime HIV-1 assay) was applied to samples from dry blood spots. For medication adherent HIV-positive individuals with missing viral load testing (\3% of HIV-positives), we impute suppression status based on self-report.
PrEP Knowledge
For respondents who were HIV-negative at baseline, we examine how affiliations influence knowledge of pre-exposure prophylaxis (PrEP). At both the baseline and follow up interviews, respondents are asked, ''Before today, have you heard of PrEP?''
Covariates
At baseline, respondents were asked their age (years), whether they had previously been diagnosed with HIV, and how they classified their sexual identity. Due to the limited number of respondents who did not identify as gay, we collapse sexual orientation to a gay versus non-gay-identified indicator. Respondents were also asked their yearly income, which we collapsed to a binary variable for low income status (less than $20,000 per year), and whether they had previously participated in other HIV programming. Finally, respondents were asked to assess their closeness to the gay and black communities (4 = very close). Our substantive results are robust to the inclusion of educational attainment and neighborhood residence adjustments.
Analytic Strategy
Longitudinal logistic regression models adjust for the original RDS sampling structure and standard errors clustered by seed recruiter. To adjust for selection into Wave 2, we weight the longitudinal models by multiplying the inverse probability of being retained in the follow up by the RDS sample weights, such that the follow up respondents who most closely resemble those who dropped out of the study are weighted more heavily [39] . All models utilize social affiliations and control variables measured at baseline to predict the dependent variables measured at followup. We calculate pseudo-R 2 values for each logistic regression according to Fleiss, Williams, and Dubro's specification [40] .
Results

Sample Description
At the baseline interview, the average age was 22.47 yearsold and the majority (85%) of sample had incomes below $20,000. With regard to sexual orientation, 62% of the sample identified as gay, 88% of respondents had visited a healthcare provider in the last two years, and 66% of respondents received HIV care from that provider ( Table 1) . 20% of the analytic sample reports having been diagnosed with HIV prior to the baseline interview. Among HIV-seropositive respondents at the nine-month follow up, 44% were retained in care, 40% were adherent to antiretrovirals, and 32% were virally suppressed. These trends are in line with levels of care engagement across the HIV care continuum in Chicago.
The network that is formed via respondents' shared affiliations at baseline breaks into clusters that correspond to MSM's affiliations with different sets of venues: ''Black Community,'' ''Gay Enclave,'' and ''Bridging.'' These cluster names are mnemonics based on the predominant region(s) in which MSM in each affiliation cluster tend to meet others. Figure 1 depicts the respondents, shaded by venue affiliation cluster, within the network. On average, ''Gay Enclave'' MSM (n = 211, colored green in Fig. 1 ) visit venues that are predominately in Chicago's gay enclave (North Side), and who have limited interactions with venues and MSM in other parts of the city. In contrast, MSM in the ''Black Community'' cluster (n = 165, colored red in Fig. 1 ) visit a wide array of venues, but not bars and clubs in the gay enclave region (North Side) (square #1). On average, MSM in the Black Community cluster visit only 0.36 venues in the gay enclave, almost five times fewer than the 1.4 venues visited on average by the Gay Enclave cluster. The venues frequented by members of this cluster are concentrated in Chicago's major black community area, as well as in the ethnically diverse neighborhoods on the West Side. The ''Bridging'' cluster (n = 105) captures respondents who visit both bars in the gay enclave as well as venues beyond the gay enclave (yellow in Fig. 1 ), which they share in common with the Black Community cluster. In this way, respondents in the Bridging cluster serve as bridges connecting respondents who are in the Gay Enclave cluster to those who are in the Black Community cluster. Finally, we create a fourth cluster that contains the remaining ''Outsiders''-that is, those respondents who visited zero venues or who frequented only those venues that were in ''other'' locations (n = 136).
We observe important variation between clusters both in terms of the characteristics and healthcare utilization of their members. On average, 94% of respondents in the Black Community cluster are low-income whereas only 77% respondents in the Gay Enclave, 83% in the Bridging and 82% in the Outsider clusters are low-income. Interestingly, although feelings of connectedness to the gay community vary significantly by affiliation clusters (2.87 among respondents in the Bridging cluster versus 2.26 among respondents in the Outsiders cluster), connectedness to the black community does not vary significantly by affiliation network position. Respondents in the Gay Enclave and Bridging clusters are more likely to identify as gay (78% and 63% of respondents respectively, vs. 53% of respondents in the Black Community cluster and 55% of respondents in the Outsiders cluster). Respondents with Gay Enclave affiliations are also the most likely to have been previously diagnosed with HIV (30%), especially relative to respondents in the Black Community cluster (14%). In the Bridging cluster, HIV diagnosis rates are higher than in the Black Community (14%) and Outsiders (17%) clusters but lower than in the Gay Enclave cluster (30%). Men with Black Community affiliations are also the youngest (21.31 years-old), over two years younger on average than men with Bridging affiliations (23.61 yearsold) and Gay Enclave affiliations (23.70 years-old), and slightly less than a year younger than men with Outsider affiliations (22.12 years-old).
Differential healthcare access and utilization by affiliation network position appears to be exacerbated over time. Although we observe substantive differences in HIV care receipt, PrEP awareness, and continuum of care position, these estimates are not significantly different from one another at baseline; however, we do observe significant variation across affiliation network positions at the nine-AIDS Behav (2018) 22:806-818 809 month follow up. One interpretation of these differences is that individuals are not selecting into certain patterns of afffiliations based on healthcare factors, but that the affiliations at baseline impact access to health services over time.
For example, while we observe a general increase in PrEP awareness between the baseline and follow up surveys (32% vs. 65% aware of PrEP), this increase is especially strong among respondents with Gay Enclave affiliations (33% at baseline vs. 81% at follow-up). At follow-up with regard to HIV prevention, HIV-negative respondents in the Gay Enclave cluster are most likely to know about PrEP (81% vs. 58% of individuals with Briding affiliations, 59% of individuals with Black Community affiliations and 61% of respondents with Outsider affiliations). Although Black Community respondents are the least likely to have received HIV services from a healthcare provider at follow up (46% for Black Community MSM vs. 59% on average), HIV-seropositive respondents in this group are more likely than respondents with Outsider or Gay Enclave affiliations to be retained in care and adherent to antiretrovirals. Whereas 56% of HIV-positive respondents with Black Community affiliations are retained in care at the follow up, only 26% of Outsiders and 46% of individuals with Gay Enclave affiliations are retained in 
Longitudinal Multivariate Findings
The multivariate models in Table 2 In Table 3 , we examine how HIV-positive individuals' affiliations at baseline are related to their HIV treatment outcomes at follow up adjusting for the continuum of care stage at baseline. Although respondents in the Black Community cluster-regardless of their HIV status-are significantly less likely than Outsiders to receive HIV services from a clinical provider, HIV-positive individuals who are in this cluster have a significantly improved likelihood of being retained in care and adherent to ARVs (Table 3 ; Fig. 2 Turning to trends in viral suppression, our results suggest that individuals with Bridging affiliations are significantly more likely than individuals who do not frequent Chicago venues (Outsiders) to be virally suppressed, even after adjusting for viral suppression status at baseline (AOR 3.58, 95% CI 1.05-12.26). However, the likelihood of viral suppression does not differ significantly between indivdiuals with Gay Enclave (AOR 1.76, 95% CI 0.48-6.51) or Black Community (AOR 2.08, 95% CI 0.62-6.93) affiliations relative to Outsiders. These results suggest that individuals with Bridging affiliations may experience health benefits from the increased social capital related to their bridging network position [41] . We graph the predicted probabilities of attaining each continuum of care stage based on the multivariate models of Table 3 in Fig. 2 .
In Table 4 , we shift focus to PrEP awareness among HIV-negative respondents. We find that social affiliations play a similarly strong role in prediciting PrEP awareness, as individuals with Gay Enclave network positions are 2.28 times more likely know about PrEP than are respondents who have no affiliations (AOR 2.28, 95% CI 1.14-4.57). However, we also find that men with Bridging (AOR 0.46, 95% CI 0.19-1.10) and Black Community (AOR 0.99, 95% CI 0.44-2.25) affiliations are not significantly more likely than men who have no affiliations to know about PrEP. Net of PrEP awareness at baseline, these results suggest that men whose affiliations are primarily focused in the gay enclave have experienced the greatest gains in knowledge of new preventative treatment approaches.
Discussion
Despite formal public health initiatives that stress the importance of expanded outreach for HIV prevention, few studies have examined how the informal social venues in which the most at-risk individuals spend their time influence their access to public health services. This paper demonstrates that young, black MSM's informal affiliations with local social venues are related to their utilization of public-health-related HIV services. Even after adjusting for their use of HIV services at baseline, young black MSM's positions within the local community venue affiliation network are strongly and significantly associated with the types of HIV-related care they access and their outcomes across the continuum of care.
Social affiliations are related to substantial variation in black MSM's healthcare engagement. However, there is no single set of affiliations that is universally associated with greater public health service utilization. MSM who have affiliations primarily in the ''Black Community'' were the least likely to access HIV services from a healthcare provider. This is likely due to limited healthcare providers in the Black Community region, a perception that the services in the community are of low quality, or that the majority of HIV testing and outreach resources that link these men to services are located in the gay enclave. Young men in this affiliation cluster may also be less likely to identify as gay, and thus may feel less comfortable disclosing their sexual orientations to local providers [42] . We also find that HIVseropositive respondents with Black Community affiliations were more likely to be retained in care and to adhere to antiretrovirals. This may indicate that receiving healthcare close to where one lives is advantageous for health outcomes, especially given the considerable travel distance between the Black community and gay enclave. Men in this cluster were more likely to have low incomes than other men, and may therefore have faced greater financial barriers to care [2, 3] . The institutional support offered by these informal programs may thus have a more pronounced impact on these men's healthcare access and well-being [43] . To speculate further regarding the role of social Table 3 , UConnect (2013-2016). Note Statistical significance denoted based on cluster coefficient significance relative to baseline category (outsiders) in Model 2, Table 3 networks-there may be aspects Black Community members' personal ties (including family and friends) that affect levels of informal scrutiny and enforcement with respect to prescribed medical treatment (e.g., density, kin composition). Additional research is needed to assess this idea. Alternatively, research has suggested that while resources located in one's neighborhood may increase accessibility, black MSM may avoid HIV programming in their residential area in order to maintain the privacy of their sexual orientation and health status [25] . Although our work cannot test this question directly, our results suggest that HIV-positive men whose affiliations geographically overlap with their residential neighborhoods are more likely to be retained in care and more likely to be adherent to ARVs (''Black Community'' cluster), and men whose affiliations bridged between their geographic neighborhoods and other neighobrhoods in the city (''Bridges'' cluster) were more likely to be virally suppressed than individuals with no affiliations. The vast majority of UConnect sample respondents live in Chicago's major black community on the South Side and there are no significant differences in residential neighborhood region across affiliation network position. This suggests that the affiliation network effects we observe are not proxying differences across residential neighborhood contexts. If black MSM are indeed likely to access public health services within their residential neighborhood, then social affiliations concentrated within their neighborhoods may serve as ''vital places'' for these men to maintain supportive ties with others and to learn about health resources within their communities [14] . At least among HIV-positive individuals, this geographic overlap appears to offer health benefits as continuum of care outcomes are best among individuals who spend more time in venues within the black community.
The social networks that black MSM form and maintain via their venue affliliations also likely play a role in their patterns of healthcare engagement. Greater geographic overlap between men's residential neighborhoods and local social affiliations may increase their access to social Table 4 Nested logistic regression models predicting the adjusted odds ratio (AOR) of knowledge of pre-exposure prophylaxis (PrEP) at follow up among respondents who self-reported being HIV-negative at baseline (n = 384), UConnect, 2013 UConnect, -2016 support after becoming HIV-positive. Although venues within gay enclaves are frequent targets for expanded HIV outreach [44] , black MSM may be less likely to benefit from outreach efforts there given their greater risk of experiencing countervailing stigma within them [45, 46] . Black MSM may also experience greater minority stress spending time in the gay enclave [47] . In Chicago-as in many other cities-the gay enclave is located in a whiter, more affluent region of the city than where most black MSM live and black MSM may be more likely to experience racial discrimination by both gay community members, as well as by neighborhood residents, in this area. Indeed, we find that individuals whose affiliations are predominately based in the gay enclave are more likely to know about PrEP, but neither more likely to receive HIV services nor report improved HIV outcomes relative to individuals with no affiliations. Social relationships with others whom MSM feel they can rely on, who reaffirm selfworth, and who promote social integration help to buffer the effects of structural barriers on decreased mental health and healthcare utilization [48] and improve medication adherence for HIV-positive individuals [49] . Our finding that viral suppression is highest among sero-positive men whose affiliations bridge the black and gay communities suggests that these men may benefit from the increased social capital their network position engenders [41] . Individuals who are embedded in supportive social networks may be directly encouraged and/or more motivated to engage with healthcare services [48, 50] and these networks may be formed most readily among men who spend more time in venues located in the black community (i.e. among individuals with Bridging and Black Community affiliations). The UConnect data offer a unique opportunity to examine how the informal social venues in which black MSM meet their friends and sex partners are linked to intra-population disparities in healthcare access and HIV treatment outcomes. However, there are several important limitations to this study. First, our sample of YBMSM is drawn exclusively from Chicago, so the results of our study are not necessarily generalizable. However, trends in both residential segregation and segregation within the gay community in Chicago mirror those of other large urban areas. Secondly, our construction of the affiliation network clusters relies on respondents' affiliations with venue types within different regions of the city. In regions with a high density of venues, it is unlikely that all venues of a given type feature identical social environments. Nonetheless, the geographically-specific venue types we utilize are important. Given the dynamic nature of venue formation and dissolution, a typology of venues remains constant and provides a framework for public health engagement and intervention. Finally, because our sample consists entirely of young, black MSM, we are unable to test whether their particular social affiliations account for their higher HIV incidence rates compared to white MSM. Thus, while we cannot address disparities between populations [2] , this next generation analysis moves beyond a disparities framework and begins to illuminate the factors and processes that are most amenable to intervention within Black MSM networks. Such an approach recognizes BMSM as a diverse group, and in particular younger Black MSM, for whom prevention interventions are largely absent [51] .
Public Health Implications
Greater intervention efforts are needed in venues beyond gay enclave communities to address the prevention and treatment needs of young, black MSM. Adherence to PrEP may most effectively engage young, black MSM who frequent venues in the ''Black Community'' cluster due to this group's greater adherence to HIV antiretrovirals, which require a similar pattern of engagement as PrEP care. Although we find that PrEP awareness is currently highest among MSM with ''Gay Enclave'' affiliations, PrEP's efficacy as biomedical prevention is contingent on consistent usage, and patterns of adherence behaviors are substantially better among men with ''Black Community'' affiliations. Positioning PrEP outreach in the ''Black Community,'' where the vast majority of young, black MSM live, if not also socialize, may thus improve broader prevention efforts by increasing young black MSM's geographic access and adherence to PrEP.
Our findings emphasize the broader role of local social affiliations for health inequalities. At-risk men's affiliations can increase healthcare utilization, knowledge of preventative services, and HIV treatment outcomes. However, the patterns in which types of public health services these affiliations privilege are complex and reveal important heterogeneity in healthcare engagement within this vulnerable population. Informal social affiliations, particularly those beyond gay enclaves, represent promising sites for future interventions that strategically engage at-risk individuals within the population most affected by HIV. Moving toward a framework of health equity, future research is needed to better understand intra-population dynamics and disparities to formulate impactful interventions that improve minority health. respondents for participating. We also thank Alexander Currit, Adam Jonas, Aditya Khanna, Keith Green, Nicola Lancki and other members of the UConnect study team for their advice throughout the research process.
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